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abear  This 18 an introductory paper for the entire 1ssue
of the journal. It briefly reviews each of the 20 cther
papers and summarizes studies performed with the planetary

probes Mars-4 to Mars-7. This prcbe group is regarded as 2
joint expedition that may previde the coptimum combination of
detalied investigaticn at a particular point on the planet's
surface (from the descent module) with more general indirect
studies frem orbitinsg probes. The arrival sched.le of the
planetary nprotes and the sequence of actual events 1s des-
cribed, and the orbital parareters of the orbiting Mars-%5
probe are presented, asc well as planet surface coordinates
of the llars-C descent module. Two mars Indicate the tracks
of the rrobe lnstrurmentation oriical axis con the nlanet's ‘
!
i

surface. This word -- the "tracs" -- 1s uged fer this
rurrcse throushout all papers.,
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PRELIMINARY RESULTS OF RESEARCH CONDUCTED ABOARD THE
SOVIET MARS-4, MARS-5, MARS-6, AND MARS-% PLANETARY PROBES

V.I. Moroz

Investipations of radiation, reflected solar and thermal
radiation, in different spectral regions by astrophysical methods
until recently have been the only source of information on the
physical characteristics of the atmosphere and surface of other
planets. Orbital spacecraft substantially expanded inhe capa-
bilities of astrophysical methods, since they made it poscible to
sharply reduce the distance to the object of the study and to
improve the spatlal resolution by tens and hundreds of times com=
pared to the resolution that can be provided by the largest ground-
based telescopes. Also, interference from the Earth's atmosphere
was entirely removed and the parts of the planet which cannot be
seen from Earth became accessible to study.

Astrophysical methods of investigating planets based on their
radiation characteristics with instruments installed on board
orbital craft, and direct studles on board descent modules mutual-
1y suprplement each other. A descent module can conduct detailed
direct investigations at cne point on the planet's surface, while
an orbital craft can give more indirect results, but orn the other
hand results that extend over ccnsiderable areas and capable of
embracing the entire planet. The optimum lies in the rational
comblnaticr of both methods. The idea of this optimal combtinaticen
was embodi:d in the expedition arriving at Mars in February-March
1974 and consisting of the four spacecraft: Mars-=4, Mars-%,

Mars~6, and Mars-7.

The first to reach the planet was Mars-4 (10 "ebruary 197%L),
arriving at a distance of 220C km from its surface and taking

* Numbers in the margin indilcate pariration in the fcrelien text.
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photographs from a flyby trajectory. The scccnd to arrive was
Mars-5 (12 February), which was inserted into the orbit of an
artificial satellite of the planet. The orbit had the following
main parameters:

osculation periocd T = 2Mh52m505
inclination i = 35°20"
semimajer axis a = 20,570 km
eccentricity e = 0.74974
distance at nericenter to planet's

center rgy = ©150 km

distance at apocenter to planet's

center ra

35,950 km

The orbit was selected so that Mars-5 traversed during the
sunlit time of the Martian days over a region selected for the
landing of tbe degcent modules that were carried by Mars-0 and
Mars-7. Mars-7 approached the planet first (9 March), but its
descent module, after a operating malfunction of one of the on-
board systems arrived at the altitude of 1300 km above the
planetary surface and did not execute a landing. On Mars-06 the
operation of insertion of the descent module into a descent tra-
jectory proceeded flawlessly, and on 12 March it descended to ti.-
surface of the planet in the region with coordinates ¢ = =24°,

A = 20°,

In the nomenclature of the International Astronomicil Unilon,
this region is called Fyrrhae Reglon. For the first time In
man's history, direect investigations of the Martian atmcsphere

were made. The studies of the atmospheric composition (a group

headed by V.G. Istcemin) showed that the Martian atmosphere con- /4
tains lnert gases in considerable quantities (35 t 15%). Fost
probably, this is argon. This amount of argon means that the mean
rate of gas evelution on Mars is comprarable with the terrestrial

rate, and the lower denslty of the Martian atmcsphere it accounted
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for most 1ikely by the fact that most of the Wartian atmesphere
was condensed at the polar caps. In turn, this confirme the

hypotheses suggesting that in the geologicaliy riot=distant pst
the atmosphere on Mars was much denser than today and that open

podies of water existed on the planetary surface.

On board thedescentwmdule, measurements were taken of the
pressure, temperature, and altitude along the descent trajectory.
These measurements covered the altitude reglion g-20 ¥m. In addi-
tion, toO estimate the main atmospheric parameters, data cbtained
with accelerometers and measurements of the relative Derpler
velocity along the descent modulesorbital module line were re-
sorted ©O. An compined analysis of all the data (a study done by
a large Eroup of authors, including V.S. pbduyevskly, M.Ya. Marcev,
v.V. Kerzhanovich, and M.K. Rozhdestvenskiy) showed that all the
data can be‘accounted for asouming the followin? atmospheric

characteristics:

pressure at surface 6 mbar
temperature of atmosphere at surface 230°K
temperature ecredient in tropopause 2. E9K /&M
L ropopause altitude 25=-30 km
gemperature of isothermal stratosphnerc 150-160°%

This model is in close agreement with the concepts of the
Martlan atmosphere obtained earlier through analysis of the radla-
fion characteristics of the planet. The pressures in the Fyrrhae
Reglion were measured from the Fars=5 ortital eraft from the
equivalent €Oy pandwidths (L..V. Ksanfomalitl and V.I. Morocz), “nd

the results agrecd closely with direct measurcmnents.

On board the orbital eraft, LWO experipents on the cherical
composition ot the atmosphere were conducted. One was tc rneasure

che content of water vapor in the atnesphere fromn thre intensity
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of the 1.3% pm absorpticn band (V.I. Foroz and A.E. MNadzhip). It
showed that in some regilons of Mars the H,0 content can be as
hirh as 100 um of precipitable water, much more than was observed
2 years ago during this season with Mars--3, Also, it turned out
that in the regions only a few hundred kilometers from each other,

the HyC content can differ by three to four times.

The second experiment measuring the minor constituents of the
Martian atmcsphere involved a photometer operating in the ozone
band A 2600 & (V.A. Krasncpol'skly et al.). The American Mariner
stations earlier disclosed orzcne fixed in the solid matter of the
polar caps, but the questicn of whether it is present in the
atmosphere remained open. The experimeut on beard Mars-5 reliably
showed the presence of small amounts of ozone in the atmosphere.
The altitude of the ozone layer was ~20 km. This result is im-
portant toc understanding photochemical precesses in v, . planetary

atmesphere.

Two experiments on radic-occultation cf the atmospnere,
single-frequency (M.A. Xolosov et 2al.) and two=freauency (M.V.
Vasil'yvev et al.), vielded estimates of pressure in the lower
atmosphere from the refraction phase shift, and also a profile of
the electren concentration in the icnosphere. [Por the first time

the ionosphere was investigFated on the night side of the planet,

where earlier here only the upper limit of the electron cconcen-

traticn was known. %
Detailed data on the temperatures in the upper atroesrhere of ]

the planet and the structure of its excsghere were chbtalned

tnrough measurements of the intensity of the rescnance slow of

the L, line (group lead by V.4. Kurt, with the particiration of

the French scientists J. Blamont et nl.). i

A larre series ¢f exreriments dealt with the Martian surfzce,

The plonet was photographed with phetetelevision cameras (PT7) cf



S

different types (A.S. Relivar v et al.). There were about 6C
photographs obtained by the Mars-4 and Mars-5 craft. Many of

these were of high gquality. They covered tne region shown in

Figs. 1 and 2. It was essential that Mariner-9 photograph this
regic.a during a period of a dust storm and could not here prcvide

as high a photographic quality. Two cameras were used, a short- /7
focal length camera with resolution of about 1 km near the peri-
center, and a long-focal length camera with a resoclution of about

100 m, In addition, images were obtained with scanning pacto=
electric photometers.

The phcotographs taken were studled by geologists (see article
of K.N. Florenskiy et al.), and they were also analyzed pheto-
grammetrically (B.V. Nepoklencv et al.,). Several photograrhs
showed traces of water erosion, whose age was cauticusly esti-
mated as less than one billion years. This is independent
support for the hypcthesis of fluctuations in the density of the
Martian atmosphere.

The study of the properties of the curtace and scil fron thelr
radiation characteristics was ccnducted over a wide spectral rersion,

besinning from radic waves ond ending in ramma-radiation.

Instruments for these measurements were hard-mounted tc the
hull of the automatic interplanetary staticn [ATS] aaa they were
oriented in a constant directior durine measurerents usually by
means of the solar-star orientation syeter of the AIS. Tlotemetars
for H>0 ard ozone were also orlented. Wity apyroach to the reri-
center, the instruments were switched on several minutes tefcare
transivine the limb ty a special cptimal senscr. The cogtiral
axes ~rarsited the planet usually alcne a line clcese to a rreat
circle, and the transit from lirb to limb tock ~30 min. The
terminator was transitsl 22 min rast the surlit 1irmb. in tte
following, we will call che trace cf the optical axis on the

planetary surface the measurement trace. Trem a prelicinsry
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estimate, the accuracy with which the reasurement track was deter-
mined is 1-2° in cerms of arecgraphic coordinates.

Figs. 1 and 2 show the measurement tracks of the ortital
craft Mars-5 from 21 February to 1 March for all instruments
oriented parall=sl to the PTC.

The tracks of 23 February-l1 March passed through the regions
Araxes and Claritas, south of Solis Lacus {(tangent along the
southern side), and then across Thaumasias and Mare Erythraeum,
and ending in Pyrrhae, where the descent module Mars-6 landed.

The tracks were displaced longitudinally approximately 3° per day,
while they nearly coincideé along their central portions, which
made it possible to carry out mutual monitoring of the measurements
along different trajectories. The 21 February track lay north of
the rest and had a differe.t shape, since it was obtained when
additional angles of rotation were present. A total of seven fully
valuable measurement sessions were held and results were obtained

for seven tracks.

One of the instruments, the infrared radicmeter (L.V.
Ksanfomaliti and V.I. Moroz), measured the sclil brightness ten-
perature in the 8-2€ um ranpge. These measurements showed that
the thermal inertia of the soil 1s in the range 0.C04-0.00% cal-

-1/2

- =P , . . .
°deg‘l-cm' -sec Hence we can estimate the characteristic

size of soll grains -- from 0.1 to 0.5 mm.

On the other hand, phtotometric and polarimetric measurements
showed that these grains have a microstructure of finer scale
(of the order of a micron). Photometry of the planet in tue
0.3-0.8 um rance was cconducted with several photcelectric instru-
nments (L.V. Ksanfomaliti). HMeasurements with rolarireters were
conducted in this same range (L.V., ¥sanfcrmalltl and V.I. lerco,
and A. Cclfuss, France). Thotometric and relariretric reasure-

ments from the spacecraft are valuable not only becausSe they

TG




provide high spatial resolution, but alsc ensure that Mars can ve
observed at phase angles inaccesssible from Earth.

The radio emission of the planet at the wavelength 3.% cm was
meagsured with a radio telescope (a collective of autbors made up
of A.Ye. Basharinov, N.N. Krupeino, &4.D. Kuz'min, V.S. Troitskiy

et 3l.). These measurements ylelded data on temperature at a

3 large depth (several tens of centimeters) as well as estimates of

: the dielectric constant. The dielectric constant depends on solar
density and, thus, the measurements of radio emission enable us to
arrive at an idea of density, and for values at a fairly sieni-

E

ficant depth below the surface.

The composition of the soil and its structure determine the
reflectivity of the planet in the 0.3-4 um range. The long-wave
section of this interval was investigated with an infrared
spec.rophotometer (V.I. Moroz and N.A. Parfent'yev). CSeveral
» hundreds of spectra werc obtained in the 2-5 um range. The pre-
sence of a water of crystallization band aft about 3.2 um was the

most characteristic detall of these spectra.

A special instrument, a COs,-altimeter (L.V. Ksantomalitl and
V.I. Moroz), measured the equivalent CO, bandwidths at about 2 um.
From them the profiles of pressure and altitude along the measure-
ment tracks were determined. In the western prart cf the tracks
there was a high region with the characteristic pressure 3=4 mbar,
wnhile in the eastern part -- 5-€ mbar. The tracks intersected

two ridges with altitudes to 2-10 km above the reflerence level
(6.1 mbar).

The gamma-srectrometer (Yu.A. Surkov, O.P. Shcheglcv et al.)

or. Mars=% ylelded spectra of the gamma-radlaticn ¢f the Martian

i
3

rocks, from which an idea o their characteristic cecmposition may
be obtailned.
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One group of experiments dealt with the interplanetary placma
and the magnetic field in the vicinity of Mars.

Measurenents of the magnetic field (Sh.Sh. Dolginov et al.)
and the interplanetary plasma (K.I. Gringauz et al.) demcnstrated
new serious argurments in favor of the existence of the planet's
intrinsic magnetic field. Studies of the plasma in interplanetary
space were also conducted by the C.L, Vaysbers group. This sare
group measured the electrical fields.

The two last experiments that remain to be mentloned inveclve
study of the Sun. This was the measurements of fluxes of solar
cosmic rays (S.N. Vernov et al.) and investigation of solar radio
emission in the meter band by simultaneous c¢bhservation from a
spacecraft and from Earth (Ye.M. Vasil'yev et al., Steinberg
et al., France). The results of the first of these showed in-=
teresting features in the behavior of solar cosmic rays during

flare periods.

Summing up, it can be concluded that the last expediticn to
Mars brought much new interesting data to science. liot all that
was planned was done, however a great many fundamentally new
results were obtained. Processing of the measurements of reost
experiments has just begun, and there is the certainty that suyb-
sequently the results presented here will be substantially
supplemented. Unfortunately, not 211 the articles are included
in this collection (B.V. Nepoklonov e* al., A.Ye. Basharinov
et al.; Yu.A. Surkov et al.; and Ye.M. Vaslil'yev, Steinbers et

al.) and will te published later.
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